Interference in immunoassays by circulating endogenous antibodies is as old as the technique itself. Its mechanisms have remained poorly studied, however, and its detrimental effects are underestimated despite numerous reports highlighting its serious consequences (1) (2) (3) (4) (5) (6) (7) (8) (9) . One reason for this situation is that immunoassays are moving targets. Assay protocols and reagents, even from the same provider and for the same analyte, may change every few years. Even when research on a method is published, it may be perceived as method-dependent and obsolete by the time of publication as the technique may have been altered in the interim.
Defining the precise mechanisms of interference by endogenous antibodies has been challenging because of variation in the phenomena produced by the antibodies. Endogenous antibodies may increase readings in some assays but decrease the results in others (4, 5 ) . Interfering antibodies may be identified by nonlinearity in some assays but show perfect linearity on serial dilution in others (5 ) . Interference from some antibodies may be blocked by commercially available "blocking reagents", but interferences from other antibodies are not (5 ) . Repeat analyses by other methods may identify samples with interfering antibodies, with the comparison assay yielding gross disparity, but in other cases good agreement may be seen between two methods (4, 5 ) .
The purpose of this report is to attempt to highlight some of the potential underlying mechanisms of interference from endogenous antibodies and to show that these mechanisms suggest that this interference is and will remain an insidious, variable, and unpredictable problem. This is arguably true for all serum measurements by immunoassay, irrespective of assay design or format, and a radical approach may be needed to solve this longstanding problem.
The common "sandwich" immunoassays use two reagent antibodies, a capture antibody and a second antibody coupled to a signal transducer such as a fluorescent or chemiluminescent agent. The capture antibody is immobilized on a solid phase, and the signaling antibody may be added simultaneously in some assays or sequentially after a washing step in others. The washing step does not eliminate interference as it inevitably requires a compromise between removal of undesirable/nonspecific binding agents and affecting the physical binding of the antigen to the antibody. In this report, however, the discussion will focus on two reactions, the binding of the antigen to capture antibody and the second immunologic reaction with the signaling antibody.
The following are some relevant basic points that may help in understanding the very complex and unpredictable nature of immunologic binding reactions. The first point is that the concentration of capture antibodies in an assay cocktail is constant, whereas the titer of interfering endogenous antibodies is variable with ???. Furthermore, interfering antibodies can have a wide range of avidities to the antigen compared with the reagent antibodies (i.e., higher, comparable, or lower).
Sample dilutions, if performed, would further change the relative ratios of reagent and interfering antibodies. This could lead to numerous outcomes ranging from persistently but variably false lower results if the titer of low-avidity interfering antibodies remains excessive even after dilution, to an increase in the measured analyte concentrations when the titer of high-avidity interfering antibodies becomes increasingly insignificant on dilution.
The second point is that in the majority of immunoassays, the capture reagent antibody is monoclonal but the signaling antibody may be either monoclonal or polyclonal. Endogenous interfering antibodies are generally polyclonal. The binding affinity of an antigen to a monoclonal antibody (i.e., the association constant, or K a , which is a ratio of two rates, the association and dissociation rates) tends to be uniform, whereas in an immunologic reaction involving polyclonal antibodies (reagent or interfering antibodies), the K a or avidity is a mean value of binding constants of each of the antibody populations. Immunologic reactions involving polyclonal antibodies are therefore more variable and complex.
The third point is that a high titer of even low-avidity endogenous interfering antibodies could exert a significant adverse effect in the commonly used, fully automated, short-incubation, nonequilibrium immunoassays. A shorter reaction time in a nonequilibrium assay may therefore increase susceptibility to interference. The magnitude of interference is greater the higher the avidity of interfering antibodies.
The fourth point is that interfering antibodies may mimic the antigen itself, mimic the reagent antibodies, or mimic both, e.g., in idiotype network immune response (10 -12 ) . The magnitude of immunoassay interference would be dependent on the assay format and the relative affinities/avidities of interfering antibodies and their titer. Some interfering antibodies do not recognize either the antigen or the reagent antibodies as entities for interaction, but they may recognize the "antigen-antibody bound complex" (i.e., metatope) and bind to it (13 ), thus altering the immunoassay kinetics.
The fifth point is that an antigen may have more than one epitope, and an antibody may also have more than one paratope (14 -16 ) . The normal binding reaction may therefore involve more than one binding site on the antigen and/or on the antibody, although in equilibrium immunoassays, preferential binding commonly occurs for the epitope-paratope pair with the greatest K a . The presence of interfering antibodies could disrupt this binding reaction, and the magnitude of disruption would be dependent on factors such as the titer of interfering antibodies, their avidities and reaction times, and the location(s) of antibody binding site(s). The site(s) of bind-ing of interfering antibodies on the capture antibodies could lead to blocking of the binding to the antigen (partially or completely), giving falsely low results. Alternatively, it could increase the binding with signaling antibodies by binding to a distal site on the capture antibody but reacting with the signaling antibody, giving a falsely higher result with the latter. This form of interference could occur in all immunoassays that use signaling antibodies and is likely to show linearity on dilution.
The variations in the nature of interfering antibodies in term of class (IgG, IgM, or IgA), subclass (e.g., IgG1, -2, or -3), titer and affinities/avidities, and the multiplicity of epitopes/paratopes are only examples that highlight the complexity and unpredictability of binding reactions when potentially interfering antibodies are present. The above discussion is neither prescriptive nor comprehensive but illustrates inherent immunologic interactions that could give rise to numerous scenarios and permutations of interference. Changes in assay protocols and/or use of higher quality reagents, although potentially helpful, are unlikely to eliminate this form of interference. Because it is almost impossible to predict a priori the presence of interference, we have considered the possibility of removing endogenous immunoglobulins before immunoassays. This approach could eradicate almost entirely this potential and insidious source of interference if endogenous immunoglobulin-free serum samples were to be used.
We have examined the potential use of polyethylene glycol (PEG), a reagent used and known to remove immunoglobulins before some immunoassays (17 ) . Our basic findings were encouraging (18, 19 ) . Treatment of serum at room temperature with PEG at a final concentration of 125g/L precipitated IgM and IgG and 70% of IgA over a wide range of their serum concentrations without any adverse effect on the sensitivity, imprecision, or accuracy of the tested follicle-stimulating hormone, prolactin, and ␣-fetoprotein immunoassays (18 ), nor was there appreciable coprecipitation of many other tested analytes, such as thyroxine, testosterone, estradiol, and cortisol, but 35-40% of luteinizing hormone and thyroidstimulating hormone was lost (19 ) . Because the action of PEG is rapid and the chemical is inexpensive and reacts under mild conditions, its wide potential application and optimization could enhance accuracy of immunoassays for many serum analytes without significant impediment to automation, throughput, or operating costs. However, incorporating such an additional step may necessitate reengineering of immunoassay analyzers to allow online centrifugation, increasing the capital cost.
Our approach of using PEG to remove immunoglobulins is only one simple approach, which suggests that improving the accuracy of immunoassay is not an insurmountable task. It warrants further studies, which if successful, could greatly enhance the clinical utility of this valuable technology as an analytical tool.
